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(7) ABSTRACT

A method of manufacturing a semiconductor device includ-
ing the steps of: (a) forming an interlayer insulating film
over a semiconductor substrate; (b) forming a first mask on
the interlayer insulating film, the first mask having a plu-
rality of stripe patterns parallel to a first direction, and
etching the interlayer insulating film from a surface thereof
to a first intermediate depth to form a groove; and (c)
forming a second mask on the interlayer insulating film, the
second mask having a plurality of stripe patterns parallel to
a second direction crossing the first direction, and etching
the interlayer insulating film by a remaining thickness
thereof in an area corresponding to the groove and not
covered with the second mask to form an opening, and in an
area other than the area corresponding to the groove to form
a second groove reaching a second intermediate depth from
a surface of the interlayer insulating film. With this method,
an opening having different cross sectional shapes at differ-
ent depths can be formed with a smaller number of masks.
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SEMICONDUCTOR DEVICE AND ITS
MANUFACTURE

[0001] This application is based on Japanese Patent Appli-
cation HEI 11-374722, filed on Dec. 28,1999, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] a) Field of the Invention

[0003] The present invention relates to a semiconductor
device and its manufacture, and more particularly to a
semiconductor device with a multi-layer wiring structure
and its manufacture method.

[0004] b) Description of the Related Art

[0005] Improvements on multi-layer conductive wires are
being made along with higher integration of semiconductor
integrated circuit devices. Self-aligned contact (SAC) tech-
niques are also adopted to form a contact in a narrow area.
There are strong requests for reduction of the manufacturing
cost of semiconductor integrated circuit devices. In order to
lower the manufacturing cost, it is effective to reduce the
number of masks.

[0006] FIGS. 23A and 23B show an example of the
structure of a dynamic random access memory (DRAM)
according to conventional techniques. FIG. 23A is a vertical
cross sectional view taken along a direction parallel to a bit
line, and FIG. 23B is a vertical cross sectional view taken
along a direction perpendicular to the bit line.

[0007] Abit line 111a shown in FIG. 23A and an insulated
gate electrode (word line) 104 shown in FIG. 23B do not
actually appear in these cross sectional views, but are hidden
in the background regions. However, these bit line 111a and
gate electrode 104 are drawn for purposes of easy under-
standing.

[0008] As shown in FIG. 23A, a shallow trench isolation
(STI) region 102 of an oxide film is buried in the surface
layer of a p-type region 101 of a semiconductor substrate.
The STI region 102 defines or surrounds respective active
regions. On the surface of the active region, a gate oxide film
and a gate electrode layer are laminated and patterned to
form a pair of gate electrode structures each constituted of
a gate oxide film 104¢ and a gate electrode 104b. An etching
stopper film of silicon nitride or the like may be formed
covering the upper and side surfaces of the insulated gate
electrode. By using the gate electrode 104b as a mask, n-type
impurity ions are implanted into the exposed active region.
As a result, a source/drain region 1034 to be connected to the
bit line is formed in the central area of the active region, and
a pair of source/drain regions 103b to be connected to
storage capacitors are formed on both sides of the gate
electrodes. A first interlayer insulating film 105 of silicon
oxide or the like is formed on the substrate surface, covering
the gate electrode.

[0009] A resist pattern or the like is formed on the first
interlayer insulating film 105, and contact holes to the
source/drain regions 103a and 1035 are formed through the
first interlayer insulating film 105. Thereafter, conductive
material such as polysilicon is deposited, and the conductive
material on the first interlayer insulating film 105 is removed
to leave lower plugs 107 and 108 only in the contact holes.
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[0010] Thereafter, a second interlayer insulating film 1094
of silicon oxide or the like-is deposited on the first interlayer
insulating film. A mask pattern is formed on the silicon oxide
film 109a. A trench is formed through the silicon oxide film
1094 in order to form, for example, a bit line. After this mask
pattern is removed, another mask pattern is formed having
an opening corresponding to a contact area in the bottom
area of the trench. By using this other mask pattern, the
second interlayer insulating film 1094 is etched to form a bit
line contact hole. A bit line contact 1115 is formed in the bit
line contact hole, and a bit line 1114 is formed in the bit line
trench. These contact 1115 and bit line 111 may be made of
the same material or different materials.

[0011] A third interlayer insulating film 1095 is deposited
covering the bit line 111a. If SAC techniques are to be
incorporated, the upper and side surfaces of the bit line 111a
are covered with an etch stopper film.

[0012] A resist layer is formed on the surface of the third
interlayer insulating film 1095, and an opening is formed
through the interlayer insulating films 1094 and 1096 in an
area corresponding to the storage electrode lower plug 108.
This opening is buried with a storage capacitor contact 114
to form a surface electrically connected to the source/drain
region 103b in the surface of the third interlayer insulating
film 1095.

[0013] Thereafter, an insulating film 113 of silicon oxide
or the like is formed, and a portion of the insulating film 113
where a storage electrode is to be formed, is removed. A
storage electrode 116 is deposited, and the storage electrode
on the upper surface of the insulting film 113 is removed.
The surface of the storage electrode is covered with a
capacitor dielectric film 117, and a plate electrode 118 is
formed on the capacitor dielectric film 117.

[0014] FIG. 23B shows the cross sectional structure per-
pendicular to that shown in FIG. 23A. The storage electrode
contact 114 is formed between a pair of bit lines 111a. As
shown in FIG. 23A, by limiting the area occupied by the
storage electrode contact 114, a parasitic capacitance
between the storage electrode and bit line can be suppressed
small.

[0015] However, the structure shown in FIGS. 23A and
23B requires two masks, one for forming the storage elec-
trode 116 and the other for forming the storage electrode
contact 114.

[0016] FIGS. 24A and 24B show the structure of DRAM
whose storage electrode and its contact are formed by one
mask.

[0017] FIG. 24A is a cross sectional view taken along a
direction parallel to a bit line 1114, and FIG. 24B is a cross
sectional view taken along a direction perpendicular to the
bit line 111a. As shown in FIGS. 24A and 24B, in this
structure, the same cross sectional shape of a storage elec-
trode 116 extends downward to form a storage electrode
contact 114. Therefore, the same mask can be used for
forming the storage electrode and storage electrode contact,
reducing the number of masks by one.

[0018] However, as shown in FIG. 24A, the storage
electrode contact 114 extends in parallel to the bit lines 111a
in a large area and a parasitic capacitance therebetween
increases. If an insulating film 109¢ formed in contact with
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the side walls of the bit line 1114 is made of material having
a large dielectric constant, such as silicon nitride, the para-
sitic capacitance increases greatly. If the insulating film 109¢
is made of silicon oxide film, there is no etch selectivity so
that electrical shortage is likely to be formed between the
storage electrode contact and bit line.

[0019] A hole continuous in a depth direction and having
different cross sectional shapes generally requires two
masks. If such a hole is to be formed by using one mask, it
is difficult to control the cross sectional shape of the hole. If
the number of masks is increased, the manufacturing cost is
difficult to be lowered, whereas if the number of masks is
reduced, desired electric characteristics are difficult to be
obtained.

SUMMARY OF THE INVENTION

[0020] It is an object of the present invention to provide a
semiconductor device manufacture method capable of real-
izing desired electric characteristics by using a smaller
number of masks.

[0021] Tt is another object of the present invention to
provide a semiconductor device manufacture method
capable of forming a hole having different cross sectional
shapes in a depth direction by using a smaller number of
masks.

[0022] Tt is another object of the present invention to
provide a semiconductor device manufacture method
capable of reducing a parasitic capacitance by using a
smaller number of masks.

[0023] Tt is still another object of the present invention to
provide a semiconductor device with a small parasitic
capacitance capable of being manufactured with a smaller
number of masks.

[0024] According to one aspect of the present invention,
there is provided a semiconductor device, comprising a
semiconductor substrate; a lower structure formed on the
semiconductor substrate, the lower structure having a first
kind contact surface and a second kind contact surface; an
interlayer insulating film formed on the lower structure; a
groove formed in the interlayer insulating film from an
upper surface to an intermediate depth of the interlayer
insulating film, the groove having a bottom above the first
kind contact surface; a first kind conductive wire formed in
the groove; a first kind opening formed through a remaining
thickness of the interlayer insulating film from the bottom of
the groove and reaching the first kind contact surface; a first
kind conductive member formed in the first kind opening; a
mask layer formed in the surface of the interlayer insulating
film and on a surface of the first kind conductive wire and
having an opening in an area corresponding to the second
contact surface, an upper surface of the mask layer being
flush with the surface of the interlayer insulating film; a
second kind opening reaching the second kind contact
surface from the opening of the mask layer; and a second
kind conductive member formed in the second kind opening.

[0025] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a semi-
conductor device, comprising the steps of: (a) forming an
interlayer insulating film over a semiconductor substrate; (b)
forming a first mask on the interlayer insulating film, the first
mask having a plurality of stripe patterns parallel to a first
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direction, and etching the interlayer insulating film from a
surface thereof to a first intermediate depth to form a groove;
and (c¢) forming a second mask on the interlayer insulating
film, the second mask having a plurality of stripe patterns
parallel to a second direction crossing the first direction, and
etching the interlayer insulating film by a remaining thick-
ness thereof in an area corresponding to the groove and not
covered with the second mask to form an opening, and in an
area other than the area corresponding to the groove to form
a second groove reaching a second intermediate depth from
a surface of the interlayer insulating film.

[0026] As above, a semiconductor device having a multi-
layer structure can be manufactured with a smaller number
of masks. A DRAM having a small parasitic capacitance
between a bit line and a storage capacitor can be manufac-
tured with a small number of masks.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIGS. 1A to 1G are plan views and cross sectional
views, and FIGS. 1H and 1I are diagrams, respectively
illustrating the fundamental concept of the present inven-
tion.

[0028] FIGS. 2A and 2B are plan views illustrating a
semiconductor device manufacture method according to a
first embodiment of the invention.

[0029] FIGS. 3A to 3D and FIGS. 4A to 4D are cross
sectional views illustrating the semiconductor device manu-
facture method of the first embodiment.

[0030] FIGS. 5A and 5B are plan views illustrating the
semiconductor device manufacture method of the first
embodiment.

[0031] FIGS. 6A to 6D, FIGS. 7A to 7D, FIGS. 8A to 8D
and FIGS. 9A to 9D are cross sectional views illustrating the
semiconductor device manufacture method of the first
embodiment.

[0032] FIGS. 10A to 10D, FIGS. 11A to 11D and FIGS.
12A to 12D are cross sectional views illustrating a semi-
conductor device manufacture method according to a second
embodiment of the invention.

[0033] FIGS. 13A to 13D, FIGS. 14A to 14D, FIGS. 15A
to 15D, FIGS. 16A to 16D, FIGS. 17A to 17D, FIGS. 18A
to 18D and FIGS. 19A to 19D are cross sectional views
illustrating a semiconductor device manufacture method
according to a third embodiment of the invention.

[0034] FIG. 20 is a plan view showing a photoresist
pattern according to another embodiment of the invention.

[0035] FIGS. 21A to 21D are plan views showing
examples of the shape of a storage electrode of a semicon-
ductor memory device according to another embodiment of
the invention.

[0036] FIGS. 22A to 22D are cross sectional views illus-
trating the structure and manufacture method of a semicon-
ductor memory device according to another embodiment of
the invention.

[0037] FIGS. 23A and 23B are cross sectional views
showing an example of a DRAM structure according to
conventional techniques.
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[0038] FIGS. 24A and 24B are cross sectional views
showing another example of a DRAM structure according to
conventional techniques.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0039] FIGS. 1A to 1I briefly illustrate the fundamental
concept of the invention.

[0040] As shown in FIG. 1A, a first photoresist pattern
PR1 is formed on an underlying layer UL1. The photoresist
pattern PR1 has a plurality of stripes disposed in parallel and
extending along one direction, e.g., along a horizontal
direction in FIG. 1A. The underlying layer UL1 is etched by
using the photoresist pattern PR1 as a mask.

[0041] FIG. 1B is a schematic cross sectional view of the
etched underlying layer UL1. The underlying layer ULL1 is
a layer stacked on another underlying layer UL2. The
underlying layer UL1 is called a first underlying layer and
the underlying layer UL2 is called a second underlying layer,
where appropriate. A portion of the underlying layer UL1
covered with the photoresist pattern PR1 is not etched and
is left with the original thickness. A portion of the underlying
layer UL1 not covered with the photoresist and exposed is
etched to form a groove portion G1.

[0042] After the underlying layer ULL1 is etched partially
by using the photoresist pattern PR1 shown in FIG. 1A, this
pattern PR1 is removed and another photoresist pattern PR2
is formed.

[0043] FIG. 1C is a schematic plan view showing the
other photoresist pattern PR2. This pattern PR2 has a
plurality of stripes extending along a direction crossing the
stripes of the first photoresist pattern PR1, e.g., along the
vertical direction in FIG. 1C. The underlying layer UL1 has
already steps formed by the etching using the photoresist
pattern PR1. The photoresist pattern PR2 traverses the steps.
By using the photoresist pattern PR2, the first underlying
layer UL1 is further etched to expose the second underlying
layer UL2 in the space of each groove Gl1.

[0044] When the second underlying layer UL2 is exposed
in the space of each groove, the first underlying layer UL1
is still left in the area where the layer UL1 was not etched
while the first photoresist pattern PR1 was used.

[0045] When the second underlying layer UL2 is exposed
in the openings of both the photoresist patterns PR1 and
PR2, the first underlying layer UL1 in the areas covered with
the first photoresist pattern PR1 or second photoresist pat-
tern PR2 was etched to predetermined depths. The first
underlying layer UL1 in the area covered with the first and
second photoresist patterns PR1 and PR2 is left having the
original thickness.

[0046] FIG. 1D is a cross sectional view taken along line
ID-ID shown in FIG. 1C, and FIG. 1E is a cross sectional
view taken along line IE-IE shown in FIG. 1C. Similarly,
Fig. IF is a cross sectional view taken along line IF-IF shown
in FIG. 1C, and FIG. 1G is a cross sectional view taken
along line IG-IG shown in FIG. 1C. In the structure shown
in FIGS. 1A to 1G, the first etching depth is deeper than the
second etching depth.

[0047] The vertical cross sectional views of FIGS. 1D
and 1E show a groove Gla with a thin first underlying layer
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UL1 (FIG. 1D) and a groove G1b (FIG. 1E) with the
underlying layer UL1 completely removed.

[0048] The area unetched by the first etching has a shallow
groove G2a as shown in FIG. 1F, and the area etched by the
first etching has a shallow groove G2b exposing the second
underlying layer UL2 at its bottom as shown in FIG. 1G.

[0049] As shown in FIG. 1H, the substrate surface area is
divided into four areas having four thicknesses: an area H1
where the first underlying layer UL1 was etched not at all;
an area H2 where the first underlying layer UL1 was etched
shallowly; an area [.1 where the first underlying layer UL1
was deeply etched but not etched completely; and a area [.2
where the first underlying layer UL1 was etched completely.

[0050] FIG. 11 is a graph showing a relation between the
heights of the areas H1, H2, I.1 and [.2 having the thick-
nesses of the first underlying layer d1, d2, and d3. Here, The
difference d1-d2 is approximately equal to d3. By using
these areas with four different thicknesses, conductive wires
and contact holes can be formed reliably.

[0051] A method of forming such areas will be described
by taking DRAM manufacture processes as an example.

[0052] FIG. 2A is a plan view showing active regions AR
defined by a shallow trench isolation (STT) region 2 formed
on the surface of a semiconductor substrate SUB. Active
regions AR have an elongated shape extended in a lateral
(row) direction and disposed shifting their positions alter-
nately at each row. An area extending in the row direction
exists between active regions AR adjacent in the vertical
(column) direction. This area is used for forming a bit line.
A word line WL serving also as an insulated gate electrode
is formed on the substrate, traversing the active region in the
vertical direction. Two word lines WL are disposed on one
active region AR and define source/drain regions in the
central area and both end areas of each active region. After
impurities are doped into the source/drain regions through
ion implantation or the like, a first interlayer insulating film
is formed covering the word lines WL.

[0053] If an SAC process is to be used, the interlayer
insulating film is formed after the upper and side surfaces of
the word line WL are covered with an etch stopper film. For
example, if the interlayer insulting film is made of silicon
oxide, a silicon nitride film is used as the etch stopper film.

[0054] As shown in FIG. 2B, contact openings OP1 and
OP2 are formed through the first interlayer insulating film.
Conductive material such as polysilicon is deposited bury-
ing these contact openings, and the conductive material
deposited on the upper surface of the first interlayer insu-
lating film is removed to leave lower plugs 7 and 8 only in
the contact openings.

[0055] 1If the surface of the word line WL is covered with
the etch stopper film, the openings for the lower plugs 7 and
8 can be formed by an SAC process.

[0056] In the following drawings, Figs. (a numerical num-
ber added with “A”) are cross sectional views taken along
line XA-XA extending in the horizontal direction in the area
where the bit line is to be disposed. Figs. (a numerical
number added with “B”) are cross sectional views taken
along line XB-XB extending in the row direction generally
along the center line of the active regions AR. Figs. (a
numerical number added with “C”) are cross sectional views
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taken along line XC-XC extending in the column direction
generally along the center line of the lower plugs 7. Figs. (a
numerical number added with “D”) are cross sectional views
taken along line XD-XD extending in the vertical direction
generally along the center line of the lower plugs 8.

[0057] As shown in FIGS. 3A to 3D, a second interlayer
insulating 9 of silicon oxide or the like is formed on the first
interlayer insulating film 5 burying the lower plugs 7 and 8.
A first photoresist pattern PR1 is formed on the second
interlayer insulating film 9.

[0058] FIG. 5A is a schematic plan view showing the
shape of the first photoresist pattern PR1. The first photo-
resist pattern PR1 has a shape that a stripe pattern extending
in the horizontal direction is disposed periodically in the
vertical direction.

[0059] By using the photoresist pattern PR1, the second
interlayer insulating film 9 is etched to an intermediate depth
thereof. The thickness of the second interlayer insulating
film left in a groove is selected in accordance with a
thickness of an etch stopper film to be later formed.

[0060] FIGS. 3A, 3B, 3C and 3D are the cross sectional
views taken along lines XA-XA, XB-XB, XC-XC, and
XD-XD shown in FIG. 2B.

[0061] The surface layer of a p-type region of the substrate
1 has the STI region 2. The lower plug 7 (refer to FIG. 3C)
extends on the area from the center source/drain region 3a
in the active region AR to the STI region 2. The lower plugs
8 are disposed on the source/drain regions in both end areas
of the active region (refer to FIG. 3B).

[0062] By etching the second interlayer insulating film 9
on the surface of the first interlayer insulating film 5 by using
the photoresist mask PR1 as a mask, a bit line groove BLG
is formed as shown in FIG. 3A. As shown in FIGS. 3A and
3C, bit line grooves BLG are disposed at an equal pitch over
the lower plugs 7 formed through the first interlayer insu-
lating film 5.

[0063] As shown in FIGS. 3B and 3D, the lower plug 8
is covered with the thick second interlayer insulating film 9.
In this manner, the bit line groove BLG extending in the
horizontal (row) direction shown in FIGS. 2A and 2B is
formed. Thereafter, the first photoresist pattern PR1 is
removed.

[0064] As shown in FIGS. 4A to 4D, a second photoresist
pattern PR2 is formed on the second interlayer insulating
film 9.

[0065] FIG. 5B is a schematic plan view showing the
shape of the second photoresist pattern PR2. The second
photoresist pattern PR2 has a shape that a stripe pattern
wider than the width of the lower plug 8 is disposed
periodically in the horizontal direction and defines the
opening wider than the width of the lower plug 7.

[0066] FIGS. 4A to 4D show the state that the second
interlayer insulating film 9 was further etched by using the
second photoresist pattern PR2. The second photoresist
pattern PR2 is disposed covering stripes (word lines) extend-
ing in the vertical direction in FIGS. 2A and 2B. The second
photoresist pattern PR2 is thick as shown in FIG. 4A in the
area where the bit line groove was formed, and thin as shown
in FIG. 4B in the area between bit line grooves BLG.
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[0067] By using the second photoresist pattern PR2 as a
mask, the second interlayer insulating film 9 is etched until
the second interlayer insulating film 9 under the bit line
groove BLG is removed. In this case, in the area not covered
with the second photoresist pattern PR2, the second inter-
layer insulating film 9 is partially etched as shown in FIG.
4B. This etch depth has a generally equal thickness as that
of the second interlayer insulating film 9 left under the bit
line groove BLG.

[0068] If an over-etch is performed, the depth of a recess
shown in FIG. 4B becomes deeper than the thickness of the
left second interlayer insulating film 9. In this specification,
this case is also called having the “generally equal thick-
ness”.

[0069] In the cross sectional views of FIGS. 4C and 4D
taken along vertical lines XC-XC and XD-XD, in the area
not covered with the second photoresist pattern PR2, a bit
line contact hole BL.C is formed in an area corresponding to
the central area of the lower plug 7. In the area covered with
the second photoresist pattern PR2, the second interlayer
insulating film 9 formed the bit line groove BLG maintains
the original shape.

[0070] The width of the bit line contact hole BL.C is wider
than that of the lower plug 7 in the direction of the bit line
groove BLG, as shown in FIG. 4A.

[0071] The second photoresist pattern PR2 is thereafter
removed.

[0072] As shown in FIGS. 6A to 6D, an etch stopper film
of silicon nitride or the like is deposited over the whole
substrate surface. The etch stopper film on the flat surface is
etched back to leave an etch stopper film 10 only on the side
walls of each step. Thereafter, a thin Ti layer (5 nm in
thickness), a thin TiN layer (10 nm in thickness) and a thick
W layer are deposited over the whole substrate surface.
These layers are first removed down to the upper surface of
the second interlayer insulating film by etch-back, chemical
mechanical polishing (CMP) or the like. Then, the W layer
in a shallow groove is etched back and removed.

[0073] Abitline 11 of W is therefore formed in the bit line
contact hole BLC and bit line groove BLG. The upper
surface of the bit line 11 is lower than the upper surface of
the second interlayer insulating film, and the Ti, TiN and W
layers in the shallow groove on the surface of the second
interlayer insulating film 9 are removed. Although the bit
line is generally made of a multi-layer conductive film as in
this example, it may be made of a single film.

[0074] As shown in FIG. 6D, the bit line 11 has a shallow
upper space.

[0075] As shown in FIGS. 7A to 7D, an etch stopper film
12 of silicon oxide or the like is deposited burying the
shallow groove on the upper surface of the second interlayer
insulating film 9. The etch stopper film 12 on the uppermost
surface of the second interlayer insulating film 9 is removed
by CMP or the like. The thickness of the etch stopper film
12 may reduce somewhat by CMP, but can be said to be
approximately equal to the original steps formed in the
upper and lower positions of the second interlayer insulating
film 9.

[0076] As shown in FIGS. 7A, 7C and 7D, the upper
surface of the bit line 11 is therefore covered with the etch
stopper film 12.
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[0077] Asshown in FIGS. 7B and 7D, in the area between
bit lines 11, the uppermost surface of the second interlayer
insulating film 9 is exposed in the area corresponding to the
lower plug 8. This area exposing the second interlayer
insulating film 9 is surrounded by the etch stopper films 10
and 12.

[0078] As shown in FIGS. 8A to 8D, by using the etch
stopper film 12 as a mask, the exposed second interlayer
insulating film 9 is anisotropically etched. This anisotropic
etching forms a storage node opening SNC exposing the
lower plug 8. The storage node opening SNC can be formed
by using the mask for defining the bit line contact area and
an additional mask is not necessary.

[0079] As shown in FIGS. 9A to 9D, a storage electrode
plug 14 is formed in the storage node opening SNC. For
example, the storage electrode plug 14 is formed by forming
a polysilicon layer over the whole substrate surface and
removing the polysilicon layer at the level higher than the
surface of the etch stopper film 12 by CMP or the like.

[0080] Thereafter, a storage capacitor is formed on the
storage electrode plug 14 by a known method. For example,
the storage capacitor is formed in the following manner. A
sacrificial film of silicon oxide or the like is first formed, and
an opening for the storage electrode is formed. A storage
electrode 16 is formed on the inner surface of the storage
electrode opening, for example, by depositing an Ru film.
After the storage electrode film on the sacrificial film is
removed, the sacrificial film is removed. A capacitor dielec-
tric film 17 is formed on the whole substrate surface, and a
plate electrode 18 is formed thereon.

[0081] In this manner, the storage capacitor can be formed
on each storage electrode plug 14. If the sacrificial film is
removed after the opening is buried with the storage elec-
trode film, a pillar type storage electrode can be formed in
place of the cylinder type storage electrode shown in FIGS.
9B.

[0082] The storage electrode plug may be formed at the
same time when the storage electrode is formed, by omitting
the etching process shown in FIGS. 8A to 8D and perform-
ing an etching process similar to that shown in FIGS. 8A to
8D to form the storage electrode opening and storage node
opening at the same time.

[0083] The photoresist patterns used by the embodiment
have a simple shape such as shown in FIGS. 5A and 5B. A
contact opening is formed in an area where a deep groove
and a shallow groove formed along two crossing directions
are overlapped. After the bit line is buried, the upper surface
of the bit line is etched to a depth corresponding to the depth
of the shallow groove. An etch stopper is buried in a recessed
space of the bit line lower than the unetched upper surface.

[0084] In this manner, the surface of the second interlayer
insulating film in the area covered with the first and second
photoresist masks PR1 and PR2 is automatically exposed.
The exposed second interlayer insulating film is etched to
expose the upper surface (contact surface) of the lower plug
of the storage capacitor.

[0085] In this embodiment, the etch depth shown in FIGS.
3C and 3D is controlled by an etching time or the like in
order to stop the etching before the second interlayer insu-
lating film is completely etched.
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[0086] As seen from the plan view of FIG. 5B, the width
of the bit line contact hole is related to the width of the
storage capacitor contact hole to be later formed, and if the
one width is made wider, the other width is made narrower.
If the bit line contact hole is made narrow, the storage node
contact hole becomes wide so that a parasitic capacitance
between the bit line and storage capacitor increases.

[0087] FIGS. 10A to 10D, FIGS. 11A to 11D and FIGS.
12A to 12D illustrate another method of manufacturing a
DRAM device.

[0088] FIGS. 10A to 10D illustrate the manufacture step
corresponding to that shown in FIGS. 3A to 3D of the first
embodiment.

[0089] In the second embodiment, instead of using a
single layer as the second interlayer insulating film 9, it is
made of a plurality of layers having different etching char-
acteristics. As shown in FIGS. 10A to 10D, the second
interlayer insulating film has a lamination structure of a
silicon oxide film 9a, a silicon nitride film 95 and a silicon
oxide film 9c. The uppermost silicon oxide film 9¢ serves as
the main film of the second interlayer insulating film. The
intermediate silicon nitride film 95 is used for providing an
etch stopper function and its thickness is selected thin. The
lowermost silicon oxide film 94 functions as an insulating
film between a bit line 11 and a lower plug 8 and has a
thickness sufficient for relaxing an irregularity of the upper
surface of the-second interlayer insulating film.

[0090] The etching process in FIGS. 10A to 10D is
performed by using the silicon nitride film 95 as an etch
stopper film. Therefore, the etching process automatically
stops at the upper surface of the silicon nitride film 96 so that
the control of an etch depth becomes easy.

[0091] As shown in FIGS. 11A to 11D, a second photo-
resist pattern PR2 is formed over the whole substrate sur-
face. By using this second photoresist pattern PR2 as a mask,
the exposed silicon nitride film 95 and its underlying silicon
oxide film 9a are etched. In this case, a shallow groove is
formed on the upper surface of the second interlayer insu-
lating film not covered with the second photoresist pattern
PR2. This process corresponds to that shown in FIGS. 4A
to 4D.

[0092] As shown in FIGS. 12A to 12D, an etch stopper
film is formed on the whole substrate surface. The etch
stopper film on the flat surface is etched back to leave an etch
stopper film 10 only on the side walls of each step formed
by a bit line groove BLG. A bit line 11 is then formed, and
the upper surface of the bit line 11 etched until the bottom
of the shallow groove on the surface of the second interlayer
insulating film is exposed. Thereafter, an etch stopper film
12 of silicon nitride or the like is deposited, and the
uppermost surface of the second interlayer insulating film 9¢
is exposed by CMP or the like. These processes correspond
to those shown in FIGS. 6A to 7D. Thereafter, processes
similar to the first embodiment are performed to form a
storage capacitor.

[0093] In this embodiment, since the second interlayer
insulating film has the lamination structure including the
etch stopper film, the etching for the bit line groove auto-
matically stops and the control of etching is easy. The
relation between the width of the bit line contact hole and the
width of the storage electrode contact hole still remains as in
the first embodiment.
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[0094] FIGS.13A to 13D, FIGS. 14A to 14D, FIGS. 15A
to 15D, FIGS. 16A to 16D, FIGS. 17A to 17D, FIGS. 18A
to 18D and FIGS. 19A to 19D are cross sectional views
illustrating a third embodiment in which the width of a bit
contact hole and a width of a storage capacitor contact hole
can be controlled independently.

[0095] As shown in FIGS. 13A to 13D, after the bit line
groove is formed by using the second interlayer insulating
film having the lamination structure similar to the second
embodiment, the first photoresist pattern PR1 is removed
and the second photoresist pattern PR2 is formed. The
second photoresist pattern PR2 has a stripe opening having
the width equal to the width of an area where a bit line
contact hole is formed. By using the second photoresist
pattern PR2 as a mask, the silicon nitride film 95 and silicon
oxide film 9a are etched to expose the surface of the bit line
contact lower plug 7. In this case, as shown in FIGS. 13B
and 13C, the area not covered with the second photoresist
pattern PR2 other than the area where a bit line groove is
formed, is etched by a depth corresponding to the total
thickness of the silicon nitride film 95 and silicon oxide film
9a, similar to the second embodiment.

[0096] As shown in FIGS. 14A to 14D, after the surface
of the bit line contact lower plug 8 is exposed, the second
photoresist pattern PR2 is etched and retracted in the lateral
direction by ashing or the like to form a second photoresist
pattern PR2a. The width of this photoresist pattern PR2a
corresponds to the width of the storage capacitor contact
hole.

[0097] As shown in FIGS. 15A to 15D, similar to the
second embodiment, the bit line 11 is formed and the upper
surface is etched lower than the uppermost surface of the
second interlayer insulating film. An etch stopper film 12 of
silicon nitride is buried in the space above the bit line 11.

[0098] As shown in FIGS. 16A to 16D, a thick insulating
layer 13 of silicon oxide or the like is formed on the upper
surfaces of the etch stopper film 12 and exposed silicon
oxide layer 9c. A resist pattern having a storage electrode
opening is formed on the interlayer insulating layer 13 to
anisotropically etch the insulating layer 13. An opening
having a shape conformal to the storage electrode is there-
fore formed through the insulating layer 13. FIGS. 16A to
16D show the state that the surface of the etch stopper layer
12 is exposed.

[0099] As shown in FIGS. 17A to 17D, as the etching
continues further, this etching is suppressed in the area
where the etch stopper layer 12 is exposed whereas it
continues in the area where the silicon oxide film 9c is
exposed.

[0100] Although the etching stops once in the state that the
thin silicon nitride film 9b is exposed, if the etching is
performed under the condition that silicon nitride can be
etched, the silicon nitride film 9b can be etched. In this case,
although the relatively thick etch stopper layer 12 is slightly
etched, most of this layer 12 are left unetched. In succession,
the silicon oxide film 9a is etched to expose the upper
surface of the storage electrode lower plug 8.

[0101] As shown in FIGS. 18A to 18D, a storage elec-
trode film is formed over the whole substrate surface. For
example, the storage electrode film is a lamination including
an Ru layer (or TiN, WN, W, SRO layer or the like). In this
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case, the opening above the storage electrode lower plug 8
is buried with the storage electrode film. The storage elec-
trode film deposited on the upper surface of the insulating
layer 13 is removed by CMP or the like to leave a storage
electrode 16. The material of the storage electrode 16 is
selected to match the material of the capacitor dielectric film
to be later formed.

[0102] As shown in FIGS. 19A to 19D, after a capacitor
dielectric film 17 is formed over the whole substrate surface,
covering the storage electrode 16, a plate electrode 18 is
formed on the capacitor dielectric film 17. In this manner, a
memory structure of the DRAM device can be formed. After
CMP, the insulating layer 13 may be removed completely
and thereafter the capacitor dielectric film 17 and plate
electrode 18 are deposited to form a cylinder type capacitor
structure. Alternatively, the storage electrode 16 may be
formed burying the storage electrode opening, and after
CMP, a pillar type capacitor structure is formed by processes
similar to those for the cylinder type capacitor structure.

[0103] In the third embodiment, after the bit line contact
hole is formed, the resist pattern is retracted in the lateral
direction to adjust the size of the storage electrode opening.
Similar effects may be realized by other methods. An
exposed area of a resist layer changes if the layer has a
thickness distribution. This can be utilized effectively to
adjust the sizes of the bit line opening and storage electrode
opening.

[0104] FIG. 20 is a plan view of a second photoresist
pattern PR2 illustrating a change in the exposure pattern
caused by a thickness distribution in the resist layer. The
resist pattern formed on a bit line groove BLG etched deeply
is thick, whereas the resist pattern formed between bit lines
is thin because of the thick interlayer insulating film.

[0105] As a second photoresist pattern PR2 made of
positive type resist is exposed, the width of an area exposed
and developed becomes narrow in the area of the deep bit
line groove BLG, whereas the width of an area exposed
becomes broad in the area where the insulating film is thick
and the resist layer thereon is thin. It is therefore possible to
form both the bit line opening and storage electrode contact
hole narrow. A combination of a change in the exposure area
width with the resist layer thickness (third embodiment) and
the retraction of the resist layer width (second embodiment),
may be used.

[0106] A parasitic capacitance between a bit line and a
storage electrode can be reduced by reducing the areas of the
bit line and storage electrode facing each other. FIGS. 21A
to 21D are plan views showing the positional relation
between a bit line and a storage electrode. In this embodi-
ment, the plan shape of the storage electrode is slanted
relative to the bit line to reduce the parasitic capacitance
therebetween. In this embodiment, it is assumed that the
storage electrode is formed at the same time when the
storage electrode contact is formed, by using a mask having
a storage electrode pattern as shown in FIG. 24.

[0107] In the example shown in FIG. 21A, a plurality of
word lines WL extend on the substrate in the vertical
direction, and a plurality of bit lines BL extend over the
word lines in the horizontal direction. The upper and side
surfaces of both the word line WL and bit line BL are
assumed to be covered with an etch stopper film. As shown
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in FIG. 21A, the storage capacitor SC has a rectangular plan
shape and is disposed along a left downward direction
relative to the bit line BL and word line WL. If the longer
side of the storage capacitor SC is disposed in parallel to the
bit line BL, the whole length of the longer side contributes
to forming a parasitic capacitance. In this example, since the
longer side is disposed obliquely, the area of the storage
capacitor SC facing the bit line BL is small. If a thick
insulating film is interposed between the bit line BL. and the
storage capacitor SC disposed over the bit line BL, the
parasitic capacitance is hardly increased.

[0108] In the example shown in FIG. 21B, storage capaci-
tors SC are disposed alternately in the right downward and
left downward directions relative to the row direction.
Disposing the storage capacitor SC obliquely to the bit line
BL is similar to the example shown in FIG. 21A.

[0109] In the example shown in FIG. 21C, the plan shape
of a storage capacitor is changed from a rectangle to a
chevron. Also in this example, the area of the storage
capacitor on the apex side of the chevron facing the bit line
is reduced greatly and the total parasitic capacitance can be
reduced.

[0110] In the example shown in FIG. 21D, the apex side
of the chevron is disposed alternately in the upward and
downward directions. Also in this example, the area of the
storage capacitor on the apex side of the chevron facing the
bit line is reduced and the total parasitic capacitance can be
reduced.

[0111] FIGS. 22A and 22B show the structure of a storage
electrode having a lower tapered portion. FIG. 22A is a
cross sectional view taken along the longer side direction,
and FIG. 22B is a cross sectional view taken along the
shorter side direction. The width of a storage electrode 16 in
the bit line direction (width in the longer side direction)
gradually narrows in the direction parallel to the bit line BL,
down to the lower plug 8. The width of the storage electrode
16 in the word line direction (width in the shorter side
direction) is not made narrow down to the lower plug 8.
Since the storage electrode 16 has the lower tapered portion
only in the longer side direction, a contact to the lower plug
8 is established with a minimum necessary area and the
upper width of the storage electrode is enough to form a
necessary capacitance.

[0112] As compared to a storage electrode 16 reaching the
lower plug 8 without changing its width, the area of the
storage electrode facing the bit line BL can be narrowed and
the parasitic capacitance can be reduced. It is also possible
to reduce a danger such as an electric short circuit to be
formed by a contact of the storage electrode with a conduc-
tive material other than the plug by position misalignment of
an exposure process. An additional position alignment mar-
gin can be obtained. If a taper having an angle same as the
taper in the longer side direction is formed also in the shorter
side direction, the shorter side of the storage electrode is
shortened further and a sufficient contact area with the lower
plug 8 cannot be obtained. It is therefore important to form
the taper only in the longer side direction.

[0113] In the above embodiments, the layout of bit and
word lines crossing at a right angle has been described.
Some layouts of DRAM have bit and word lines crossing
obliquely. Also in this case, if one side of a storage electrode
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and a bit line are disposed obliquely, the effects similar to
those described above can be obtained.

[0114] FIGS. 22C and 22D illustrate an example of a
method of forming such a tapered portion.

[0115] FIG. 22C is a cross sectional view taken along a
direction parallel to the bit line BL. With this method, an ion
incidence direction is swung in a direction parallel to the bit
line during an etching process for forming a storage elec-
trode hole.

[0116] During the period while an insulating film 13 is
etched, a vertical side wall is formed by implanting plasma
generally vertically. After an interlayer insulating film 9 is
exposed, the ion incidence direction is swung in parallel to
the bit line by slanting it right and left as viewed on the
drawing sheet. An etching speed in the area where ions are
injected from both directions can therefore be increased,
whereas an etching speed in the area where ions are injected
only from one direction can therefore be decreased.

[0117] The ion incidence direction may be changed by
continuously swinging it or by switching between radiations
at two or more predetermined angles. This method first
forms the vertical wall and then forms the taper. Conversely,
the storage electrode hole may be formed by first forming a
taper and then performing a vertical etching process to move
downward the first formed taper.

[0118] FIG. 22D is a cross sectional view taken along a
direction perpendicular to the bit line BL. The ion incidence
direction is swung only in one direction and is not swung in
the direction perpendicular to this one direction. Therefore,
in the area between bit lines BL, a vertical side wall parallel
to the bit line is formed.

[0119] The present invention has been described in con-
nection with the preferred embodiments. The invention is
not limited only to the above embodiments. It is apparent
that various modifications, improvements, combinations,
and the like can be made by those skilled in the art.

What is claimed is:
1. A semiconductor device, comprising

a semiconductor substrate;

a lower structure formed on said semiconductor substrate,
said lower structure having a first kind contact surface
and a second kind contact surface;

an interlayer insulating film formed on said lower struc-
ture;

a groove formed in said interlayer insulating film from an
upper surface to an intermediate depth of said interlayer
insulating film, said groove having a bottom above the
first kind contact surface;

a first kind conductive wire formed in said groove;

a first kind opening formed through a remaining thickness
of said interlayer insulating film from the bottom of
said groove and reaching the first kind contact surface;

a first kind conductive member formed in said first kind
opening;

a mask layer formed in the surface of said interlayer
insulating film and on a surface of said first kind
conductive wire and having an opening in an area
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corresponding to the second contact surface, an upper
surface of said mask layer being flush with the surface
of said interlayer insulating film;

a second kind opening reaching the second kind contact
surface from the opening of said mask layer; and

a second kind conductive member formed in said second

kind opening.

2. A semiconductor device according to claim 1, wherein
a depth of said first king opening and a thickness of said
mask layer are approximately equal.

3. A semiconductor device according to claim 1, wherein
said interlayer insulating film is a lamination of a plurality
of insulating films having different etching characteristics,
and the bottom of said groove is an interface between
insulating films having different etching characteristics.

4. A semiconductor device according to claim 1, wherein
said lower structure comprises:

a number of element regions defined on a surface of said
semiconductor substrate;

an insulated gate electrode structure formed on said
semiconductor substrate traversing said element
region, said insulated gate electrode structure defining
source/drain regions;

an insulating film formed on said semiconductor sub-
strate, covering said insulated gate structure; and

a first kind contact plug and a second kind contact plug
formed through said insulating film, upper surfaces of
said first and second kind plugs defining the first and
second kind contact surfaces.

5. A semiconductor device according to claim 4, wherein
said first and second kind contact plugs are connected to one
and the other of the source/drain regions and a capacitor is
formed connected to the second kind conductive member to
form a memory.
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6. A semiconductor device according to claim 5, wherein
the capacitor has a portion extending outward to a surface of
said mask layer.

7. A semiconductor device comprising:

a semiconductor substrate having a plurality of active
regions;

a plurality of word lines traversing the active regions and
extending in one direction;

an interlayer insulating film covering said word lines;

a plurality of bit lines formed on said interlayer insulating
film and extending in a direction crossing said word
lines; and

a capacitor formed on said interlayer insulating film
between adjacent bit lines and having an elongated plan
shape, a longer side of the elongated plan shape of said
capacitor being disposed slanted relative to the bit line.

8. A semiconductor device comprising:

a semiconductor substrate having a plurality of active
regions;

a plurality of word lines traversing the active regions and
extending in one direction;

an interlayer insulating film covering said word lines;

a plurality of bit lines formed on said interlayer insulating
film and extending in a direction crossing said word
lines; and

a capacitor formed on said interlayer insulating film
between adjacent bit lines and having an elongated plan
shape, said capacitor having a side wall slanted relative
to a vertical direction in a plane vertical to a surface of
said semiconductor substrate and parallel to the bit line.
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